Introduction
exposure to an increasing number of animal species was associated with innate Toll-like receptor (TLR) gene expression 3 . In this context, maternal farm exposure in pregnancy seems to be critical for the effects in their offspring 3 . Clearly, the influence of farming on early immune development seems to play an important role, promoting the idea to examine infant immune responses at the earliest possible time, namely in cord blood.
Regarding immune modulation in the offspring, one concept of "allergy-protection" is that farm exposure reflects microbial exposure inducing innate immune mechanism contributing to a less allergic "anti-Th2"-immune phenotype. This process likely involves upregulation of different innate receptors (e.g. TLR) 4 . For example, upregulation of TLR2-expression has been shown in farm children at school age 4 , and TLR2/TLR4-upregulation was strongly determined by maternal exposure to stables during pregnancy 3 . These human data were supported by murine studies, demonstrating decreased allergic responses following TLR2/TLR4 stimulation 5 .
However, the specific immunological mechanisms are not well determined.
Regulatory T-cells (Tregs), which play an important role in the balance and maturation of Tcell polarization, are one promising candidate contributing to this effect early in life. Neonatal
Tregs with a naive phenotype have been described to exert a potential immunoregulatory role in intrauterine life 6, 7 . To date, Tregs are best characterized by FOXP3-expression, whose transcription is fundamental for both differentiation and function 8 , complemented by additional markers such as CD25, GITR, LAG3 or low CD127 expression [9] [10] [11] . A default regulation or [12] [13] [14] . Indeed, successful treatment of allergy by allergen-specific immunotherapy may depend on induction of Tregs 6, 15 .
The aim of this study was to investigate the immunological mechanisms contributing to this natural model of "allergy-protection", namely pregnancy farm exposure. Specifically, we aimed to examine which exposure may influence neonatal immune development. Next, we assessed whether offspring of mothers exposed to farming during pregnancy have quantitatively and qualitatively different Tregs as compared to offspring of non-farming mothers. We further investigated whether this change would result in different Th1/Th2-effector cell responses and lymphocyte proliferation. These experiments were performed using different in vitro-stimulations such as microbial TLR-ligand and allergen exposure.
Methods

Study population
We recruited pregnant mothers in an obstetric clinic in rural southern Germany in the frame of a birth-cohort study (PAULCHEN). The population is representative of the subjects involved in previous farm studies 1, 3 
Real-time quantitative RT-PCR
Total RNA, isolated with TRI-Reagent, was processed with reverse transcriptase (Invitrogen, Germany). mRNA-specific oligonucleotide primer pairs were designed (Vector NTIAdvance10). Direct detection of the PCR-product was monitored by measuring the increase in fluorescence caused by binding of SYBR-Green to dsDNA. The determined threshold cycle (CT) was set relative to the amplification plot of 18SrRNA. CT describes the number of PCRcycles required for the fluorescence signal to exceed the detection threshold, which was set to the log-linear range of the amplification curve. The difference in CT-values relative to 18S was used to calculate the fold difference. The formula 2 -ddct was applied. Data compare the relative increases compared to unstimulated samples 18 .
DNA bisulfite conversion and FOXP3-methylation specific real-time-PCR
Genomic DNA was isolated using the Dneasy blood-kit (Qiagen, Hilden, Germany). Bisulfite 
Statistical analysis
Data were generally not normally distributed and not all data could be transformed to normality. Non-detectable cytokine concentrations were assigned to 0.01pg/ml for inclusion into the analysis. Non-parametric tests (Mann-Whitney, Wilcoxon) were used to compare the median of gene expression, proliferation and cytokine concentrations; parametric tests were used for normally-distributed data (surface expression). Data were reported as mean±SEM or median±IQR depending on the distribution. Treg suppression was assessed by comparing multiple/two groups with ANOVA and t-test. Spearman's correlation was used to assess associations between gene-expression and cytokine secretion. Chi2-tests were used to evaluate categorical predictor variables. Linear and logistic regression analyses were calculated, and included potential confounders such as maternal smoking, education. Odds Ratios (OR) were reported depending on regression analysis. Statistical significance was defined by p<0.05. Data analysis was performed with SAS 9.1, and SigmaStat 3.5 software. Table 1 shows the characteristics of 82 included subjects (22 neonates of farming, and 60 of non-farming mothers). Farming mothers smoked less and showed a trend to lower education compared to non-farming mothers (p=0.04/0.06). Both factors were tested for potential confounding, but revealed to be no confounders. Maternal atopy was lower in farming mothers, however non-significantly.
Regulatory T-cells were quantitatively and qualitatively increased in cord blood of farming mothers
We assessed regulatory T-cells by measuring the surface expression of CD4 . We detected higher Tregs in CBMC (unstimulated and PHA-stimulated) of non-atopic farming compared to non-farming mothers. We next tested whether Tregs of farming children were also functionally more efficient by assessing their suppressive capacity. Only non-atopic donors were chosen. Indeed, cord blood of farming children showed more efficient suppression of effector T cell division (p=0.004, Fig.2 , and Repository).
Different farm exposures showed heterogenous effects on immune regulation
In order to disentangle the specific stimuli in the farming environment, we examined the effect of exposures to stable, barn, number of animal species and maternal milk intake on immune regulation (Table 2 ). For analysis of distinct exposures all mothers with exposure were assessed and included some "non-farming mothers". These did not work or live on farms ("non-farming mothers") but visited their neighbors on farms and thus had some exposure to stable, barn, animals or drank farm milk during pregnancy. While farming had an effect on several Treg markers including function, distinct exposures (different sample sizes) had different effects.
Exposure to the stable showed an increase in CD4 Comparing three groups of non-farming non-exposed, non-farming exposed to milk or animals and farming mothers, primarily IFN-g (Ppg and Derp1-stimulated) was highest in the nonfarming exposed group (p=0.04, Repos. Table 2 ).
To further investigate whether the different exposure had an effect on epigenetic regulation of FOXP3-expression, we examined the relevance of exposure on the demethylation of an evolutionarily conserved element within the FOXP3-locus (TSDR, Treg-specific demethylated region) in a subset of 59 subjects ( Table 3 ). The selected group was similar to the whole group excluding a selection bias. This locus had previously been shown by us to be selectively demethylated only in FOXP3 stably expressing natural Tregs, but not in transiently FOXP3
expressing, recently activated effector T-cells 20, 21 . Consistently, the amount of demethylated TSDR was higher with any single exposure compared to no exposure, significantly only for maternal intake of farm milk during pregnancy (p=0.02). When analyzing subjects with any exposure compared to no exposure, a similar trend was observed (p=0.09). Next, we aimed to investigate whether farm exposure resulted in lower lymphocyte proliferation and decreased Th2 (pro-allergic) cytokines. Indeed, proliferation of offspring from farming mothers was lower as compared to non-farming mothers (Table 4 , p=0.04). Regarding overall T-cell cytokines, there was no significant difference in both groups (Table 4 , Repository Table 1 
Correlation between IL-17 and IFN-γ
A T-cell population closely linked to Tregs, namely Th17 cells, can also influence Th1/Th2 responses 22 . IL-17 secretion was undetectable in unstimulated and PHA-stimulated samples (Table 4) Several farming studies have reproduced the findings that farming exposure is protective against the development of atopic disease 1, 2 . Two factors seem to be particularly important for this effect. First, early prenatal influences on immune modulation have the strongest effect on reducing later atopic development, and second, microbial exposure has been identified as a crucial "entity of allergy-protective exposure" 1, 2 . These observations suggest that influences of the environment modulate this very sensitive period of fetal immune development in such a strong way 3 that it results in long-term immune effects, either through direct or indirect impact on the maternal immune milieu, maternal-fetal immune interactions or quite likely a combination of both. The early long-lasting immune effect is supported by the increase of innate receptors including TLR2 and CD14 at school age in particular when exposure to stable was present in pregnancy 3 . While it is remarkable that effects in utero are capable of inducing a long-lasting immune modulation, the underlying mechanism is not understood. Consequently, one may speculate that subsequent development of allergic diseases results from an "early immune deficiency to respond adequately to specific stimuli" due to a lack of exposure, in our case microbial farm exposure. Regarding the type of microbial exposure, the exposure to an increasing number of animal species may potentially indicate an incremental dose-response effect contributing to more pronounced immune stimulation early in life. Although we could not disentangle one specific exposure as indicative of Treg induction, distinct exposures may reflect exposure to a variety of microbes reflecting non-specific stimulation. Intriguingly, some effects were not restricted to farming mothers. Offspring of non-farming mothers, which did not live and work on farms but were occasionally exposed to farm animals or farm milk showed e.g. higher IFN-g concentrations than any other group. While overall effects are still strongest in the offspring of farming mothers, these data -though in small numbers-suggest a potential immunomodulatory effect even present for non-continuous exposure.
While Th2 responses were decreased in offspring of farm-exposed mothers, one may expect either a parallel decrease in Th1 through general suppression or an additional increase in Th1 cytokines reflecting selective regulation. Only animal exposure showed an increased Th1-response but not "overall farming". This may be explained by the requirement of a certain level of stimulation, no direct effect on Th1-lineage or more complex regulatory features than Th2/Th1 pathways in "overall farming". Supporting the latter, promising candidates are Th17 cells, which we previously demonstrated to be immature at birth compared to adult immune responses 24 . Thus, no significant differences between farmers and non-farmers children may be due to low IL-17 secretion at this early stage of maturation. However, the positive correlation primarily with Th1-cells in the context of farming may account for a role of Th17-cells in balancing the immune system during maturation, in close association with Th1-lineages. In parallel with our study, Th17/Th1 correlations were also described in Crohn´s disease 25 . While
Th17 cells are shown to be involved in atopic dermatitis 26 , they are a promising candidate in the regulation of atopic diseases. However, these hypotheses have to be confirmed in larger studies. Finally, one fascinating speculation is that farm exposure may reflect a "natural model of immunotherapy" potentially including a selection of innate stimuli in addition to allergen, shaping a child's immune system at an early stage. In the conventional immunotherapy strategies a protective effect may be mediated through regulatory T-cells 6, 27, 28 . This hypothesis clearly requires further investigation, but would offer some consideration for future preventive strategies.
In summary, this study proposes a novel mechanism, by which maternal farm exposure modulates offspring immune responses. Regulatory T-cells in cord blood were increased in number and function in this unique model of "in-vivo allergy-protection" and resulted in suppression of pro-allergic immune responses such as Th2-cytokines associated with lower lymphoproliferation. This regulatory T-cell population keeping healthy immune responses in balance and thus preventing disease development may have the potential to contribute to the "long-lasting allergy-protective effect" of Tregs in older children and adults 29 13, 30, 31 23, 32 .
However, only a future follow-up of these children until the age of 6 years can determine whether this "neonatal immunological starting condition" is able to shape the immune regulation in such a way to truly protect against the development of atopic disease. 
